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(54) Image pickup device 

(57) In an image pickup device, a signal mixer 6 mix- 
es the image signals of different quantities of exposure 
outputted by an image sensor 4. A peak level detector 
12 detects a peak level of the mixed signal, and a peak 
level judge 13 decides whether the peak level is within 
a predetermined range or not. A controller 10 controls 



a ratio of the quantities of exposure for the image sensor 
4 according to the decision by the peak level judge. 
Thus, the image pickup device has a good dynamic 
range in correspondence a dynamic range of an object, 
and an object image is reproduced well Further, an iris 
device is also controlled appropriately when the dynam- 
ic range is controlled. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to an image pick- 
up device used in a video camera or the like. 

DESCRIPTION OF PRIOR ART 

[0002] An image pickup device used in a video cam- 
era or the like detects and mixes image signals for dif- 
ferent quantities of exposure to provide video signals in 
a wide dynamic range. The image pickup device has an 
image sensor which outputs image signals for different 
quantities of exposure. For example, the image sensor 
is called, for example, progressive scan type and it has 
photoelectric conversion sections or pixels arranged in 
two dimensions and outputs image signals in scan lines 
having a number twice that of an ordinary image sensor. 
In the image sensor, exposure time for pixels in corre- 
spondence to a half of the scan lines is changed by an 
electronic shutter, to output imago signal S teng for a 
darker object and image signal S short for a brighter ob- 
ject. A mixed signal S mix is obtained from the image sig- 
nals S, ong and and it is subjected to image proc- 
esses necessary for a camera such as gamma correc- 
tion and aperture correction. Further, a mean signal lev- 
el over a screen is detected, and an iris device is con- 
trolled to have a predetermined value according to the 
mean level of the screen. Such a prior art image pickup 
device is described in Japanese Patent laid open Pub- 
lication 322147/1995. 

[0003] In the prior art image pickup device, as shown 
in Fig. 1 , the image signal S teng saturates at quantity of 
incident light LI, and the image signal S 3hort saturates 
at quantity of incident light L2 larger than L1 . On the oth- 
er hand, the dynamic range represented as L2/L1 is con- 
stant Therefore, an image of an object cannot be repro- 
duced well when the dynamic range of the object is larg- 
er than the dynamic range L2/L1 of the image pickup 
device or smaller largely than L2/L1 . 

SUMMARY OF THE INVENTION 

[0004] A main object of the present invention is to pro- 
vide an imaging device which solves these problems. 
[0005] A further object ol the present invention is to 
provide an image pickup device which can control a dy- 
namic range for a camera in correspondence to the dy- 
namic range of an object. 

[0006] A still further object of the present invention is 
to provide ah image pickup device which performs sta- 
ble iris control when the dynamic range of the camera 
is changed. 

[0007] The above objects are solved by the combina- 
tions of the characteristics described in the main claim, 



and the subclaims define further advantageous embod- 
iments of the invention 

[0008] An image pickup device comprises an optical 
lens which transmits a light from an object, an image 
s sensor which detects the light incoming from the optical 
lens to output image signals for different quantities of 
exposure, a driver which drives the image sensor, a sig- 
nal mixer which mixes the image signals for different 
quantities of exposure outputted by the image sensor to 
w output a mixed signal, a peak level detector which de- 
tects a peak level of one of the image signals for different 
quantities of exposure or a signal derived from the im- 
age signals for different quantities of exposure : a peak 
level judge which judges whether the peak level defect- 
's ed by the peak level detector is within a predetermined 
range or not, and a controller which controls a ratio of 
the quantities of light for the image sensor according to 
the judge result by the peak level judge. Thus, the dy- 
namic range of a camera can be controlled optimally ac- 
20 cording to the dynamic range of the image sensor, by 
controlling the quantities of exposure for the image sen- 
sor according to the peak level which represents bright- 
ness of the object. 

[0009] For example, the peak level detector detects a 
25 peak level of the mixed signal outputted by the signal 
mixer. 

[0010] For example, the peak level detector detects 
the peak level of the image signals for a smallest quan- 
tity of exposure. Then, the peak level is stabilized while 
30 the dynamic range is controlled. 

[0011] Further, preferably, the image pickup device 
further comprises: an iris device which limits the light 
propagating from the optical lens to the image sensor; 
a signal level judge which receives the mixed signals 
from the signal mixer and outputs the mixed signals only 
within a predetermined range; and a mean signal level 
detector which detects a mean signal level of the image 
signals received from the signal level judge to output a 
mean signal level; and an iris driver which controls the 
iris device according to the mean signal level outputted 
by the mean signal level detector so as to control the 
light entering through the optical lens to the image sen- 
sor. Thus, the iris device can be controlled stably when 
the dynamic range of the image pickup device is con- 
trolled according to that of the object. 
[0012] Further, preferably, the image pickup device 
further comprises: an iris device which limits the light 
propagating from the optical lens to the image sensor; 
a mean signal level detector which averages the image 
signals for the maximum quantity of exposure outputted 
by the image sensor to output a mean signal level; and 
an iris driver which controls the iris device according to 
the mean signal level outputted by the mean signal level 
detector so as to control the light entering through the 
optical lens to the image sensor. Thus, the iris device 
can be controlled stably while controlling the dynamic 
range of the image pickup device optimally. 
[0013] Further, preferably, the image pickup device 
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further comprises a iimiter which limits a ratio of the 
quantities of exposure of the image signal controlled by 
the controller within a predetermined range. Then, it can 
be suppressed advantageously that the gradation char- 
acteristic becomes unnatural and that the noises are in- 
creased. 

[0014] Further, preferably, the image pickup device 
further comprises a calculator which calculates a ratio 
of quantities of exposure of the image signals outputted 
by the image sensor and a quantity of incident light in- 
coming through the iris device to the image sensor by 
using calculation with the peak level and the mean sig- 
nal level Even if the enlargement of the dynamic range 
is limited, the iris operation is correlated to the enlarge- 
ment of the dynamic range. Thus, a ratio of saturated 
signals is reduced, and an object can be imaged in a 
suitable state. 

[0015] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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image pickup device according to a fifth embodi- 
ment of the invention; 

Fig. 11 is a block diagram of an internal structure of 
a calculator; 

Fig. 1 2 is a flowchart of processes in calculation; 
Fig. 1 3 is a diagram for illustrating a relationship be- 
tween peak level (PEAK) of mixed signal and mean 
signal level (MEAN) of image signals for the largest 
quantity of exposure; 

Fig. 14 is a block diagram of a main portion of an 
image pickup device according to a sixth embodi- 
ment of the invention; and 

Fig. 15 is a diagram for illustrating the relationship 
between image signals in the sixth embodiment of 
the invention schematically. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring now to the drawings, wherein like ref- 
erence characters designate like or corresponding parts 
throughout the several views, various embodiments of 
the invention are explained. 



[0016] These and other objects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred em- 
bodiments thereof with reference to the accompanying 
drawings, and in which: 

Fig 1 is a diagram for illustrating the relationship 
between image signals in the prior art device sche- 
matically; 

Fig. 2 is a block diagram of a main portion of an 
image pickup device according to a first embodi- 
ment of the invention; 

Fig. 3 is a diagram for illustrating the relationship 
between image signals in the first embodiment ol 
the invention schematically; 

Fig. 4 is a block diagram of a main portion of an 
image pickup device according to a second embod- 
iment of the invention; 

Fig. 5 is a diagram for illustrating the relationship 
between image signals in the second embodiment 
of the invention schematically; 
Fig. 6 is a block diagram of a main portion of an 
image pickup device according to a third embodi- 
ment of the invention; 

Fig 7 is a diagram for illustrating the relationship 
between image signals in the third embodiment of 
the invention schematically; 
Fig. 8 is a block diagram of a main portion of an 
image pickup device according to a fourth embodi- 
ment of the invention; 

Fig. 9 is a diagram for illustrating the relationship 
between image signals in the fourth embodiment of 
the invention schematically; 

Fig. 10 is a block diagram of a main portion of an 



First Embodiment 

[0018] An image pickup device according to a first em- 
bodiment of the invention controls the quantity of expo- 
sure of an image sensor according to the peak level 
which represents the maximum brightness or illumi- 
nance of an object. Thus, the dynamic range of the cam- 
era is controlled according to the dynamic range of the 
object. 

[0019] Fig. 2 shows schematically the image pickup 
device according to the first embodiment of the inven- 
tion. In the image pickup device, a light from an object 
transmits through an optical lens 1 , is stopped down by 
an iris device 2 and enters into an image sensor 4 such 
as a charged-coupled device (CCD). The image sensor 
4 is an element which outputs image signals for different 
quantities of exposure, and it is driven by an image sen- 
sor driver (CCD driver) 5 controlled by a controller 6. 
The quantity of exposure is for example exposure time. 
However, it is not limited thereto and, for example, light 
intensity may also be incorporated with the exposure 
time. The image sensor is usually an image sensor of 
progressive scan type and it can output image signals 
of a scan line number twice that of an ordinary image 
sensor, wherein an exposure time for the pixels in cor- 
respondence to a half of the scan lines is changed to a 
smaller exposure time than that for an ordinary case by 
an electronic shutter (not shown). Then, two image sig- 
nals outputted by the image sensor 4 have different 
quantities of exposure time, that is, ordinary image sig- 
nal S| 0ng for a longer exposure time and electronic shut- 
ter image signal S^^ having a shorter exposure time 
In an example shown in Fig. 3 illustrating the relationship 
between image signals, the image signal S, ong saturates 
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at quantity of incident light L1 , and the image signal S s _ 
hor1 saturates at quantity of incident light L2 larger than 
L1 at the same saturation level S^,. 
[0020] A signal mixer 7 simply sums the image signals 
s tong and s short outputted from the image sensor 4 to 
provide a mixed signal S^. The output signal from the 
image mixer 7 is sent to a camera signal processor cir- 
cuit 8 which subjects the input mixed signal S mjx to sig- 
nal processing such as gamma correction and aperture 
correction. Then it outputs image signals through the 
output terminal 9 to the external. 

[0021 ] On the other hand, a peak level detector 1 2 re- 
ceives the mixed signal S mix to detect a peak level for a 
screen according to the mixed signal and outputs 
it to a peak level judge 1 3. The peak level judge 1 3 judg- 
es whether the peak level is within a predetermined 
range or not. The range is, for example, from 1 .7 to 1.9 
times the saturation level S sal ot the image signals S tong 
and (between 1.7*5^, and 1 9*5^,). Fig. 3 shows 
a range where the peak level exists besides the rela- 
tionship of the image signals S teng and S 6hor1 . 
[0022] A microcomputer 14 controls the controller 6 
for the image sensor driver 5 according to the judge re- 
sult of the peak level judge 1 3. The ratio of the dynamic 
ranges is increased when the peak level is larger than 
the predetermined range, while it is decreased when the 
peak level is smaller than the predetermined range. 
When the ratio of the dynamic ranges is increased ac- 
cording to a control signal of the microcomputer 1 4, the 
controller 6 for the image sensor driver 5 increases a 
ratio of the two exposure times On the other hand : when 
the ratio of the dynamic ranges is increased according 
to the control signal of the microcomputer 1 4, the con- 
troller 6 for the image sensor driver 5 increases the ratio 
of the two exposure times. In this embodiment, the ex- 
posure time for the signal S shorl1 for the smaller quantity 
of exposure is adjusted. The exposure time is controlled 
by adjusting the shutter speed of the electronic shutter. 
[0023] On the other hand, a mean signal detector 11 
also receives the mixed signal S mix> and detects a mean 
signal level for one screen, which is transmitted to the 
microcomputer 14. The microcomputer 14 controls the 
iris device 2 by the iris driver 3, so that the mean signal 
level for one screen becomes a predetermined value. 
[0024] Fig. 3 shows two examples. For an object hav- 
ing the maximum quantity of exposure L3 of incident 
light, the quantity of exposure L3 is included in the pre- 
determined range by setting the ratio of quantities of ex- 
posure to L2/L1 to 3 by the microcomputer 14 In this 
case, the image sensor 4 outputs image signal 
having a shorter exposure time, and the signal mixer 7 
outputs the mixed signal S mix1 . On the other hand, for 
an object having the maximum quantity of exposure L4 
of incident light, the quantity of exposure L4 is included 
in the predetermined range by setting the ratio of quan- 
tities of exposure to L2/L1 to 4 by the microcomputer 1 4. 
In this case, the image sensor 4 outputs image signal 
s ahort2 naving a shorter exposure time, and the image 



mixer 7 outputs the mixed signal S mjx2 . The peak level 
is increased to L2' larger than L2. and the mixed signal 
s mix2 nas a smaller slope than the mixed signal S mhv 
Thus, the dynamic range of the image pickup device is 
5 controlled in correspondence to the dynamic range of 
the object. 

[0025] In the prior art image pickup device shown in 
Fig. 1, because the dynamic range represented as 
L2/L1 is constant. Then, if the maximum quantity of in- 
fo cident light from the object is L3, the image can be re- 
produced, whereas if the maximum quantity of incident 
light from the object is L4, the image cannot be repro- 
duced. On the other hand, if the maximum quantity of 
incident light from the object is L4, the maximum output 
is level is about 1 .5 times the saturation level S sat of S^g, 
and the dynamic range for the image pickup device can- 
not be used effectively. As explained above,- in the im- 
age pickup device of this embodiment, the dynamic 
range of the image pickup device is controlled optimally 
20 according to that of the object, and for an object having 
the maximum quantity of incident light of L4, the image 
can be reproduced well. That is, by controlling the quan- 
tity of exposure of image sensor according to the peak 
level which represents the maximum brightness of an 
25 object, the dynamic range of the camera can be control- 
led optimally according to the dynamic range of the ob- 
ject. 

Second embodiment 

30 

[0026] In the image pickup device according to the 
first embodiment explained above : the iris device is con- 
trolled according to a mean value of image signals. 
Then, the iris controller may become unstable when the 

35 mean signal level is changed according to enlargement 
of the dynamic range because the iris device is control- 
led according to a mean value of signals in the enlarged 
dynamic range. This is explained with reference to Fig. 
5. For an object having uniform signal distribution up to 

40 brightness L2\ the mean signal level is taken as an area 
enclosed by S mb( and L2\ If compared with a case of a 
smaller dynamic range (S mixl ), the area is smaller and 
the mean signal level becomes smaller in a case of a 
larger dynamic range (S,^). Then, the iris device 2 is 

45 opened further though the dynamic range is enlarged. 
An image pickup device according to a second embod- 
iment solves this problem and controls the iris device 
stably even when the dynamic range is enlarged. 
[0027] Fig. 4 shows an image pickup device accord- 

so ing to a second embodiment of the invention. The image 
pickup device according to this embodiment adds a sig- 
nal level judge 10 to the image pickup device of the first 
embodiment, tn the image pickup device, the structure 
and the operation of parts other than the signal level 

55 judge 10 and the mean signal level detector 1 1 are sim- 
ilar to the counterparts in the image pickup device of the 
first embodiment, and detail explanation thereon is omit- 
ted here. 
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[0028] The signal level judge 10 decides whether the 
level of the mixed signal S mix received from the signal 
mixer 7 is within a predetermined level range or not. 
Then, it outputs only the mixed signals S mix having lev- 
els smaller than the saturation level S 6al of the image 
signal S teng , S short to the mean signal level detector 9. 
The mean signal level detector 11 averages the signals 
received from the signal level judge 10 over one screen 
and transmits the mean value to the microcomputer 14. 
The microcomputer 14 controls the iris device 2 by the 
iris controller 3 according to the mean signal level de- 
tected by the mean signal level detector 9. Therefore, 
even when the dynamic range is increased, the iris de- 
vice is controlled stably. The processing of signals after 
the microcomputer 1 4 is similar to the image pickup de- 
vice of the first embodiment, and the explanation there- 
on is omitted here. 

[0029] Fig. 5 illustrates the relationship between im- 
age signals S short , S teng and S mjx in the image pickup 
device As to signals for incident light having quantity of 
exposure smaller than L1. the mean signal level of the 
mixed signal S mjx is taken as a triangular area enclosed 
by S mb< and L1, and the characteristics of the signals 
are not changed practically when the dynamic range of 
the image sensor is changed according to that of an ob- 
ject. Therefore, the iris control becomes stable. 

Third embodiment 

[0030] An image pickup device according to a third 
embodiment of the invention can control the iris device 
stably when the dynamic range of the image sensor is 
enlarged by adopting a different structure from that ol 
the second embodiment. 

[0031] Fig. 6 shows the image pickup device accord- 
ing to the third embodiment. The image pickup device 
is similar to that of the first embodiment, except that the 
input signal of the mean signal level detector 1 1 is signal 
s k>r>g for tne largest quantity of exposure in the signals 
for different quantities of exposure outputted by the im- 
age sensor 4. The mean signal level detector 11 aver- 
ages signals S long over a screen and sent the mean val- 
ue to the microcomputer 14. In the image pickup device, 
the structure and the operation of parts other than the 
mean signal level detector 1 1 is similar to the counter- 
parts in the image pickup device of the first embodiment 
shown in Fig. 2, and detail explanation thereon is omit- 
ted here. 

[0032] Fig. 7 illustrates the relationship between im- 
age signals S,^ and S mb( . The characteristic of 
the signal S loog is not changed practically when the dy- 
namic range of the image sensor is changed according 
to that of an object. In this case, the mean signal level 
of the mixed signal S mix is taken as a trapezoid area (or 
a hatching area) enclosed by S mbt and 12. The iris con- 
troller 6 controls the image sensor 4 by the driver 5 ac- 
cording to the mean signal level detected by the mean 
signal level detector 11. Then, if the ratio of the quanti- 



ties of exposure of the image signals S tong and S short is 
controlled, the iris state in the iris device 2 does not be- 
come unstable. It is advantageous that the iris device 2 
can be controlled stably while controlling the dynamic 
5 ratio of the image pickup device in correspondence to 
the dynamic ratio of an object. 

Fourth embodiment 

io [0033] In the image pickup devices according to the 
first to third embodiments explained above, the quantity 
of exposure of the image sensor 4 is controlled so that 
the peak level of the output signal of the signal mixer 7 
enters within a predetermined range. In this case, if sig- 

'5 nals having a very high dynamic ranjge. such as a dark 
room and a bright sky, are received, the ratio of quanti- 
ties of exposure is required to be larger than 100. How- 
ever, when the signal mixer 7 adds signals S, ong and 
S short having a difference in quantity of exposure of 1 00 

20 times or more, S^g saturates even when signal 

is very small, and the difference in slope of gradation 
characteristic becomes 100 times. Thus, the image of 
the object becomes very unnatural. 
[0034] Fig. 9 illustrates the relationship between im- 

25 age signals S long> S short and S rafac . In Fig. 9, signal S mjx3 
shows a mixed signal for the difference of 100 times 
schematically. The change in slope of the signal S mix3 
is very abrupt at the quantity of exposure of L1 . and the 
signal is about the same as S^g at quantity of exposure 

30 smaller than L2'. The signal S 6hor1 may be amplified in 
order to correct the difference in slope, but noises will 
become large for the gain of 1 00. Then, an image pickup 
device according to a fourth embodiment explained be- 
low suppresses unnatural gradation characteristic and 

35 increase in noises. 

[0035] Fig. 8 shows the image pickup device accord- 
ing to the fourth embodiment of the invention The image 
pickup device according to this embodiment adds a lim- 
iter 15 to the image pickup device of the third embodi- 

40 ment. The limiter 1 5 limits the ratio of quantities of ex- 
posure given to the driver controller 6 for the image sen- 
sor 4. In the image pickup device, the structure and the 
operation of parts other than the limiter 1 5 are similar to 
the counterparts in the image pickup device of the third 

*6 embodiment, and detail explanation thereon is omitted 
here. 

[0036] When the microcomputer 1 4 receives a signal 
for changing the dynamic ratio from the peak judge 1 3, 
it sends an instruction to change the ratio of quantities 

so of exposure to the limiter 15. The limiter 15 judges 
whether the ratio of the quantities of exposure exists in 
a predetermined range or not. If the ratio exists in the 
predetermined range, it sends a signal for changing the 
ratio to the controller 6 for the image sensor driver. On 

55 the other hand, if the ratio does not exist in the prede- 
termined range, it holds the current ratio of quantities of 
exposure. The predetermined range of the ratio of quan- 
tities of exposure is for example, 3 to 32 or preferably 
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4 to 16. 

[0037] Fig. 9 shows signal S mixl for the ratio of 4 and 
S mix2 for the ratio of 8. The slope of gradation charac- 
teristic increases with increase in the ratio of quantities 
of exposure. The gradation characteristic can be im- 
proved by amplifying S short . However, by taking the am- 
plified noises into account, amplification gain of 16 is the 
upper limit. 

[0038] As explained above, the limiter 1 5 in the image 
pickup device of this embodiment limits the ratio ol 
quantities of exposure in spite of the necessary ratio of 
quantities of exposure, so that the ratio of the quantities 
of exposure of the image signals S, ong and S short output- 
ted by the image sensor 4 exists in the predetermined 
range. Then, it can be suppressed that the gradation 
characteristic becomes unnatural and that the noises 
are increased. 

Fifth embodiment 

[0039] In the image pickup device according to the 
fourth embodiment explained above, the enhancement 
of dynamic range is limited. Then, the signal is liable to 
saturate completely for some objects and this makes it 
impossible to derive image information. Then, in an im- 
age pickup device according to a fifth embodiment, even 
when the enhancement of the dynamic range is limited, 
the iris function is correlated to the enlargement of dy- 
namic range in order to decrease a ratio of saturated 
signals. Thus, the most appropriate imaging state is re- 
alized. 

[0040] Fig. 1 0 shows the image pickup device accord- 
ing to the fifth embodiment of the invention. The image 
pickup device adds a calculator 16 to the image pickup 
device of the fourth embodiment. In the image pickup 
device, the structure and the operation of parts other 
than the calculator 16 are similar to the counterparts in 
the image pickup device of the fourth embodiment, and 
detail explanation thereon is omitted here. 
[0041] The calculator 16 receives the mean value, 
MEAN, of signal levels outputted from the mean signal 
level detector 11 and the peak value, PEAK, outputted 
by the peak level detector 12 and determines the iris 
value according to the two input signals. The calculator 
16 controls the iris value as explained below. 

(1 ) First, if the mean value MEAN exists in a prede- 
termined target range (from ML to MH), the calcu- 
lator 1 6 outputs an instruction to the driver 3 through 
the microcomputer 14 to hold the current state of 
the iris device. 

(2) If the mean value MEAN is larger than the max- 
imum MH of the predetermined target range, the 
calculator 16 outputs an instruction to the driver 3 
through the microcomputer 14 to close the iris de- 
vice 2 by a predetermined difference. 

(3) If the mean value MEAN is smaller than the min- 
imum ML of the predetermined target range, the cal- 



culator 1 6 calculates whether the peak level, PEAK, 
of the mixed signal S mjx exists within another pre- 
determined level range (from PL to PH). 

(4) If the peak value PEAK is smaller than the min- 
s imum PL of the predetermined level range, the cal- 
culator 16 outputs an instruction to the driver 3 
through the microcomputer 14 to open the iris de- 
vice 2 by the predetermined difference. 

(5) If the peak value PEAK is larger than a value of 
10 P1 = (PEAK - PMAX)/(ML - Mo)*(MEAN - Mo) + 

PMAX + dP, where "PMAX' represents the maxi- 
mum value of PEAK and "dP" represents a shift for 
the peak value PEAK which does not change the 
iris state when the peak value exceeds PH, the cal- 
15 culator outputs an instruction to the driver 3 through 
the microcomputer 14 to close the iris device 2 by 
the predetermined difference. 

(6) On the other hand, if the peak value, PEAK, is 
smaller than a value of P2 = (PH - PMAX)/(ML - Mo) 

20 *(MEAN - Mo) + PMAX (= P1 - dP), the calculator 
outputs an instruction to the driver 3 through the mi- 
crocomputer 1 4 to open the iris device 2 by the pre- 
determined difference. 

25 [0042] Fig. 11 shows relationship between the mean 
value MEAN and the peak value PEAK. In Fig. 11, the 
abscissa represents the mean value and the ordinate 
represents the peak value. An area illustrated with slant 
lines represents an area for controlling to open the iris 

30 device 2, while another area illustrated with vertical lines 
represents an area for controlling to close the iris device 
2. 

[0043] Fig. 12 shows a structure of the calculator 16 
realized as a hardware circuit, wherein CP represents 

35 a comparator, and IRIS CLOSE and IRIS OPEN repre- 
sent circuits to instruct a closing direction and an open- 
ing direction relative to the current iris value to the driver 
3. It may also be possible to control to set the absolute 
iris value. Fig. 1 3 shows a flow of a computer program 

40 when the calculator 16 is realized as a software means. 
The flow corresponds to the above-mentioned steps (1 ) 
to (6), and it is not explained here again. Thus, the cal- 
culator 16 controls the iris device 2 to be open or closed 
according to the mean value MEAN even when the peak 

45 value PEAK exceeds the predetermined range. 

[0044] As explained above, the driver 5 for the image 
sensor and the iris device 2 are controlled by the con- 
troller 6 and the iris driver 3 according to the calculation 
result of the peak level and the average signal level. 

so Then, even when the enlargement of the dynamic range 
of the image pickup device is limited, the pickup state 
for an object can be optimized as a result of cooperation 
of the operation of the iris device 2 and the enlargement 
of the dynamic range. Then, a ratio of saturated signals 

55 is reduced, and an optimal pickup condition can be re- 
alized. 
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Sixth embodiment 

[0045] In the first to fifth embodiments, the peak level 
is detected on the mixed signals S mb( outputted by the 
signal mixer 7. However, the signal level of the mixed 
signal S mtx may depend on conditions of signal mixing. 
In a sixth embodiment, even when the signal level of the 
mixed signals S mjx varies with conditions of signal mix- 
ing, the peak level is output stably. 
[0046] Fig. 1 4 shows an image pickup device accord- 
ing to the sixth embodiment of the invention The image 
pickup device is different from that of the first embodi- 
ment shown in Fig. 2 in that the input signal to the peak 
level detector 12 is a signal for the smallest quantity of 
exposure among the signals for a plurality of quantities 
of exposure outputted by the image sensor 4. In the im- 
age pickup device, the structure and the operation of 
parts other than the peak level detector 1 2 and the peak 
level judge 13 are similar to the counterparts in the im- 
age pickup device of the first embodiment, and detail 
explanation thereon is omitted here. 
[0047] The peak level detector 12 receives a signal 
S short for the smallest quantity of exposure among the 
signals for a plurality of quantities of exposure outputted 
by the image sensor 4 and detects the maximum level 
in signals over a screen to be output to the peak level 
judge 13. The peak level judge 13 decides whether the 
input peak level of image sensor S 5hort is within a pre- 
determined level range or not. The predetermined range 
is, for example, between 0.7 and 0.9 times the saturation 
level S sat of the image signals S, ong and (between 
0.7*S sat and 0.9*S sat ). Fig. 1 5 illustrates the relationship 
between signals S tong , and S mjx and the predeter- 
mined range for the peak level. The processing of sig- 
nals after the microcomputer 1 4 is the same as the coun- 
terpart in the image pickup device of the first embodi- 
ment, and the explanation thereon is omitted. 
[0048] In the image pickup device, the stable peak 
level is output because the input signal to the peak level 
detector 12 is a signal for the smallest quantity of expo- 
sure among the signals for a plurality of quantities of 
exposure outputted by the image sensor 4. 
[0049] Though the signal mixer 7 in the image pickup 
device sums signals of different quantities of exposure, 
similarly to the image pickup device according to the first 
embodiment, the signal mixing is not limited to the sim- 
ple summation. For example, each signal may be am- 
plified with an appropriate gain. In a different way, an 
appropriate offset level may be added In this case, the 
peak level of the output signal S mU depends on the sig- 
nal mixing conditions. However, because the peak level 
detector 12 receives the output signal of the image sen- 
sor, the peak level does not depend on the signal mixing 
conditions. 

[0060] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 



2 

modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 

s therefrom. 

[0051] For example, the quantity of exposure is con- 
trolled with an electronic shutter in the first to sixth em- 
bodiments when the dynamic range is controlled. How- 
ever, the quantity of exposure is not necessarily expo- 

10 sure time. For example, a combination of exposure time 
and optical intensity may also be used as quantity of ex- 
posure. 

[0052] In the first to sixth embodiments, the signal for 
the smallest quantity of exposure is changed in order to 
is control the ratio of quantities of exposure. However, for 
example, the signal for the largest quantity of exposure 
may be changed. 

[0053] In the first to sixth embodiments, the image 
sensor of progressive scan type is used. However, any 
20 image sensor may be used which outputs image signals 
for different quantities of exposure. 
[0054] In the first to sixth embodiments, a monochro- 
matic image sensor is used. However, instead of the 
monochromatic image sensor, a color image sensor 
25 may also be used, such as an image sensor of multi- 
elements with a prism, or an image sensor of a single 
element with color filters. 

[0055] In the first to sixth embodiment, the image sen- 
sor 4 is used as an imaging means, and output signals 
thereof are mixed. However the signal mixing may be 
performed similarly after the image signals are subject- 
ed to the conventional camera signal processing. 
[0056] The peak detector 1 3 in the first to fourth and 
sixth embodiments may be constructed as a software 
program in the microcomputer 14. 
[0057] The judgement of signal level in the signal level 
judge 10 in the second embodiment may be performed 
similarly by dividing a screen into a plurality of areas and 
by using the mean value in each area as an input signal. 
In this case, the signal level judge 10 and the mean sig- 
nal detector 11 may be constructed as a software pro- 
gram in the microcomputer 1 4. 

[0058] The limiter 15 in the fourth and fifth embodi- 
ments may also be constructed as a software program 
in the microcomputer 14. 

[0069] The calculator 17 in the fifth embodiment may 
also be constructed as a software program in the micro- 
computer 1 4. 

[0060] In the first to sixth embodiments, the micro- 
computer 14 is used as a means for controlling the dy- 
namic range of the image pickup device. Alternatively, 
an exclusive control means may be provided for per- 
forming the above-mentioned control. 
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Claims 



1. An image pickup device comprising: 
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an optical lens which transmits a light from an 
object; 

an image sensor which detects the light incom- 6. 
ing from said optical lens to output image sig- 
nals for different quantities of exposure; s 
a driver which drives said image sensor; 
a signal mixer which mixes the image signals 
for different quantities of exposure outputted by 
said image sensor to output a mixed signal; 7. 
a peak level detector which detects a peak level io 
of one of the image signals for different quanti- 
ties of exposure or a signal derived from the im- 
age signals for different quantities of exposure; 
a peak level judge which judges whether the 
peak level detected by said peak level detector is 
is within a predetermined range or not; and 
a controller which controls a ratio of the quan- 
tities of light for said image sensor according to 
the judge result by said peak level judge. 



said mean signal level detector. 

The image pickup device according to claim 1 , 2 or 
3, further comprising a limiter which limits the ratio 
of quantity of exposure of the image signal control- 
led by said controller within a predetermined range 
of ratio of quantity of exposure. 

The image pickup device according to claim 4 or 5, 
further comprising: 

a calculator which calculates a ratio of quan- 
tities of exposure of the image signals outputted by 
the image sensor and a quantity of incident light in- 
coming through the iris device to the image sensor 
by using calculation with the peak level and the 
mean signal level. 



2. The image pickup device according to claim 1, 
wherein said peak level detector detects a peak lev- 
el of the mixed signals outputted by said signal mix- 
er. 

3. The image pickup device according to claim 1, 
wherein said peak level detector detects the peak 
level ol the image signals lor a smallest quantity ol 
exposure. 

4. The image pickup device according to claim 1 , 2 or 
3, further comprising: 



25 



30 



an iris device which limits the light propagating 
from said optical lens to said image sensor; 
a signal level judge which receives the mixed 
signals from said signal mixer and outputs the 
mixed signals only within a predetermined 
range; and 

a mean signal level detector which detects a 
mean signal level of the image signals received 
from said signal level judge to output a mean 
signal level; and 

an iris driver which controls said iris device ac- 
cording to the mean signal level outputted by 
said mean signal level detector. 



35 



40 



46 



The image pickup device according to claim 1 , 2 or 
3, further comprising: 

an iris device which limits the light propagating 
from said optical lens to said image sensor; 
a mean signal level detector which averages 
the image signals for the maximum quantity of 
exposure outputted by said image sensor to 
output a mean signal level; and 
an iris driver which controls said iris device ac- 
cording to the mean signal level outputted by 
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